CMAJ OPEN, 3(1) E1 S T-segment elevation myocardial infarction (STEMI) is a cause of significant morbidity and mortality.
5,10
This paper will examine and describe the clinical management and outcomes of STEMI care for all patients, including those receiving primary PCI, fibrinolysis or no reperfusion therapy, presenting to hospitals within the Hamilton Niagara Haldimand Brant Local Health Integration Network in Ontario. Comparisons will be made between patients presenting to PCI-and non−PCI-capable centres. The intent is to identify care gaps and areas for improvement in the provision of STEMI care beyond the issues of improving timely primary PCI access.
Methods

Setting
The Hamilton Niagara Haldimand Brant Local Health Integration Network covers an area greater than 7000 km 2 , with a mixture of large urban areas and small rural communities and a population greater than 1.4 million. Health care is provided by 3 tertiary care hospitals, 9 community hospitals and 4 urgent care centres, served by 7 emergency medical services programs coordinated by 2 base hospitals and 4 dispatch centres. Primary PCI is available at a tertiary cardiac care centre located in a large urban community (Hamilton). 11 In April 2010, a regional STEMI program was initiated to improve access, timeliness of care and overall outcomes for regional STEMI patients. A program-related reporting system facilitated implementation of the following strategies to improve STEMI care: 1) prehospital STEMI identification across the region, 2) paramedic redirection of STEMI patients to the primary−PCI-capable hospital, 3) a standardized reperfusion algorithm for emergency department staff (Appendix 1, available at www.cmajopen.ca/content/3/1 /E1suppl/DC1), 4) standardized early discharge and repatriation with bridging clinic 5-7 days after discharge for all patients receiving care at the tertiary centre 12 and 5) electronic 2-way audit and feedback system among STEMI care providers outlining quality indicators. The STEMI program included other evidence-based best practices, such as the single call activation system, rapid set up of the catheterization laboratory and oversight by a multidiscipline team.
13,14
Study population and data collection
Data were prospectively collected on a consecutive sample of STEMI patients presenting to PCI-and non−PCI-capable hospitals. Patients brought directly to the catheterization laboratory by emergency medical services were considered as presenting to the PCI centre. Patients were included if they had symptoms (chest pain or equivalent) for cardiac ischemia, with an electrocardiogram (ECG) demonstrating ST-segment elevation ≥ 0.1 mV (1 mm) in at least 2 contiguous precordial leads or 2 limb leads.
Patient information derived from a STEMI report form was entered into a registry by the program coordinator. Additional data regarding clinical characteristics, demographics and patient-specific health and system-related outcomes were collected from chart reviews. Health outcomes included death (in hospital and at 90 days post-STEMI), major bleeding, recurrent myocardial infarction (MI) and stroke. Management outcomes included reperfusion, hospital length of stay, time interval from hospital arrival to treatment (PCI, thrombolytic or fibrinolytic therapy) and proportion of patients receiving reperfusion within optimal treatment intervals (i.e., first hospital contact [arrival at emergency department] to primary PCI < 90 min for patients presenting to PCI site and < 120 min for patients transferred from another facility to PCI site or door to fibrinolysis < 30 min). Time intervals were only calculated for 1) patients receiving either primary PCI or fibrinolysis, presenting within 12 hours of symptom onset and 2) when the first ECG was the diagnostic ECG, to reflect avoidable system delay and avoid contamination from patientrelated delays. Medications prescribed at discharge from hospital and adherence to the prescription regimen at 90 days after discharge were also considered; data for discharge medications were collected from chart review, and data for 90-day adherence were collected from standardized follow-up. A standardized follow-up telephone call was made 90 days post-STEMI to assess health outcomes (Appendix 2, available at www.cmajopen.ca/content/3/1 /E1/suppl/DC1). Patients unavailable by telephone (following 3 attempts) were contacted by mail. Patients were considered lost to follow-up if they did not respond by phone or mail. A STEMI program coordinator reviewed all case report forms for completeness and accuracy and followed up with health care providers and medical records where applicable. A cardiologist independently confirmed all STEMI cases and outcomes. Ethics approval for the project was obtained from each participating hospital's institutional review board.
Primary and secondary objectives
The primary objective was to examine the use of reperfusion strategies and timeliness of care and compare them between patients presenting to PCI-and non−PCI-capable hospitals. The secondary objective was to determine which variables were associated with mortality within 90 days of STEMI. In addition, the study sought to describe patient uptake of riskreducing therapies and activities post-STEMI.
Statistical analysis
Dichotomous variables were compared using χ 2 tests. Group medians and means were compared using the Wilcoxon rank sum test and Student t test, respectively. Univariate logistic regression models were developed to determine which variables were associated with mortality within 90 days of initial STEMI. Variables considered for inclusion were age (≥ 75 yr), gender, history of diabetes, history of MI, history of anemia, Killip class 3-4, anterior MI, medications given before admission (any of acetylsalicylic acid, clopidogrel, statins, ace inhibitor, angiotensin II receptor blocker or β-blockers), left ventricular ejection fraction ≤ 35% during admission, reperfusion with primary PCI or fibrinolysis, symptom onset to emergency department arrival > 6 hours, overall ST deviation ≥ 8 mm on diagnostic ECG, optimal time to treatment, estimated glomerular filtration rate,
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CMAJ OPEN presentation hospital (PCI or non-PCI) and mode of presentation (emergency medical services or self-transport). Variables significant at p < 0.1 in the univariate models were included in a multivariable logistic regression model. History of anemia and left ventricular ejection fraction ≤ 35% were significant; however, these variables were not included in the final model, because they were significantly correlated with estimated glomerular filtration rate and Killip class, respectively. Model fit was evaluated using a Hosmer-Lemeshow goodness-of-fit test and C statistics. The bootstrap resampling technique was used to determine the predictors of mortality. 15 All analyses were performed using Statistical Analysis Systems version 9.2 for UNIX (SAS Institute).
Results
Demographics and clinical characteristics
Between Apr. 1, 2010, and Mar. 31 2013, 2247 STEMI patients were identified. Sixty-six patients were excluded from the analysis because either they died immediately after presentation to hospital before treatment (n = 12) or they were already admitted to hospital when the STEMI occurred (n = 54) ( Figure 1 ). Follow-up data were available for 2043 patients at the time of discharge and 1839 patients at 90 days post-discharge. Approximately 84.8% of patients presented with a history of more than 1 cardiac risk factor. Patients presenting to PCI-and non−PCI-capable centres were reasonably similar (Table 1) . Patients presenting to a PCI-capable centre were more likely to have a history of stroke or transient ischemic attack, diabetes or anemia, and to present via emergency medical services. 
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Management strategy
Management and health outcomes are shown in Table 2 . Most patients were treated with primary PCI, with a higher proportion in the PCI centre group (82.5% v. 65.2%, p < 0.001). Rate of fibrinolysis was higher in patients in the non−PCI-centre group (19.0% v. 0.8%, p < 0.001). Of the 282 patients who received fibrinolytic therapy, 190 (67.4%) were referred for rescue PCI; of the remaining 92 patients, only 36 (39.1%) were referred for pharmacoinvasive PCI within 24 hours of fibrinolysis (data not shown). Only 2 of the 7 emergency medical services programs servicing the region implemented the bypass strategy for direct transport to the PCI centre. Furthermore, of the 1311 patients who presented via emergency medical services, only 554 had ECG acquisition in the ambulance before arrival at hospital (Table 1) .
Outcomes
A total of 138 (6.3%) patients died before discharge from hospital; with an additional 28 confirmed deaths at 90 days post-STEMI (1.3%). There were no observed differences in either mortality or other major cardiac events at both time points based on which hospital the patient presented to (i.e., PCI-v. non−PCI-capable centre). The time interval from arrival to primary PCI was significantly shorter for patients who presented to the PCI-capable centre compared to non−PCI-capable hospitals (73 min v. 113 min, p < 0.001). There were no appreciable differences between groups regarding the other performance variables (Table 3) . The proportion of patients treated within optimal treatment intervals at PCI-and non−PCI-capable hospitals were 70.8% and 58.7%, respectively (Table 3) .
The multivariable regression model showed that presenting to a PCI-capable centre was not a significant predictor of mortality even after adjustment for patient acuity, comorbidities, mode of transportation and timeliness of care (Table 4) . The bootstrap analysis indicated that optimal time to treatment, symptom onset to emergency department arrival > 6 hours and a history of diabetes were significant in < 50% of the simulation samples. However, we believe these variables were clinically important and thus retained them in the final model.
Risk factor modification post-STEMI
Attendance at risk factor modification programs after discharge from hospital was suboptimal. Only 35.7% of all patients either attended or had a scheduled appointment for cardiac rehabilitation at 90 days, and only 4.2% of patients attended a smoking cessation program (data not shown). However, there was a significant drop in the proportion of patients reporting as "currently a smoker" (40% at time of STEMI and 15% at 90 days post-STEMI, p < 0.001) (data not shown).
Although most patients presented with at least 1 risk factor for coronary disease, the baseline use of medications for prevention of MI or risk factor modification before presentation was low (Table 5 ). Use of medications prescribed at discharge was good with some attrition at 90 days (Table 5) .
Interpretation Main findings
In this large regional program, there were variations in reperfusion management of STEMI patients that reflected local 
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capabilities. However, median time to reperfusion met evidence-based benchmarks (described in the Methods section), and there was no difference in 90-day mortality rates between patients presenting to PCI-and non−PCI-capable centres.
Once the patient entered the STEMI program, the system identified the best management strategy to improve outcome within the patient's clinical and geographic context. However, numerous patients presented to non−PCI-capable hospitals, especially in rural areas, making it less likely they would be able to access primary PCI within the recommended benchmarks.
Explanation and comparison with other studies
Research and organization of care for STEMI has focused on both ensuring timely access and increasing the proportion of patients receiving primary PCI over fibrinolysis. 10, 13, 14, [16] [17] [18] [19] Our data suggest that even where best practices for regional STEMI care are implemented, some patients may still require fibrinolysis. The presented regression model is consistent with the accepted paradigm that time to reperfusion is an important predictor of STEMI outcomes. 3 However, our data suggest that other clinical and process variables are important. We also observed that the proportion of patients not receiving reperfusion therapy was less than 10%, consistent with recent reports from Europe showing that the rate of nonreperfusion is much less than the commonly accepted rate of 30% in well-established systems of STEMI care. 20, 21 Several issues relating to further improvements in coordination of care and prevention were identified as potentially impacting care and outcomes: 1) a minority of patients eligible for diagnostic catheterization within 24 hours of fibrinolytic therapy actually received it. There is accumulating evidence that where primary PCI is not possible, reasonable outcomes could be achieved with fibrinolysis administration combined with an early pharmacoinvasive approach; [22] [23] [24] [25] 2) implementation of an emergency medical services bypass strategy was only achieved in a minority of EMS programs servicing the region; 3) fewer patients were discharged within 3 days post-STEMI in the non−PCI-capable hospitals compared with the PCIcapable hospital; 4) participation in cardiac rehabilitation and risk modification programs was suboptimal despite a formalized discharge practice and availability of a bridging clinic and phone call at 7 days after discharge from hospital for all patients at the PCI centre; 5) despite the high rate of cardiac risk factors upon presentation (specifically > 50% and > 30% of patients self-reported hypertension and dyslipidemia, respectively), many patients were not taking medications for prevention of coronary artery disease.
26,27 Although we could not determine the influence of resource limitations or other access barriers on patient outcomes, this study highlights the need for a better understanding of patient behaviour and raises the possibility that targeted education and improved resource allocation for rehabilitation and smoking cessation programs, and medication access and regimen adherence may maximize benefits. 28 A significant proportion of patients did not access care via emergency medical services, including > 50% of those presenting to non−PCI-capable hospitals. The large discrepancy in the use of emergency medical services between PCI-and non−PCI-capable hospitals can, in part, be explained by the direct transfer strategy of the STEMI program, where patients with a diagnosis in the field could bypass the closest emergency department in favour of the PCI-capable centre. The overall rate of patients with STEMI presenting via emergency medical services was consistent with previous studies. [29] [30] [31] [32] Although many patients may be able to present to hospital faster via self-transport, using EMS may provide Note: ACE = angiotensin-converting-enzyme, ARB = angiotensin II receptor blocker, ASA = acetylsalicylic acid, MI = myocardial infarction. *Data exclude patients who died prior to treatment and those already admitted when the STEMI occurred. †Data exclude patients who died or were lost to follow-up.
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quicker and safer access to STEMI reperfusion. 33 Improving the appropriate uptake of emergency medical services may improve timeliness of care and increase the proportion of patients eligible for primary PCI (via triage directly to the PCI-capable centre), therefore, improving outcomes in a segment of the regional STEMI population.
Limitations
Follow-up at 90 days after initial STEMI was incomplete. However, although those patients lost to follow-up were, on average, younger, there were no other appreciable differences in known characteristics (sex, Killip class and history of diabetes) between patients who were followed up and those who were lost to follow-up, as well as between PCI-and non−PCIcapable hospitals. No data were collected on patients who suffered STEMI but died before presenting to hospital. Thus, we were unable to determine the magnitude of unmet care. Understanding why these patients died before accessing care may reveal gaps in the provision of STEMI services. Finally, although 6.3% of patients were discharged with a prescription for an emerging antiplatelet therapy (i.e., prasugrel or ticagrelor), these medications were not included in the 90-day followup questionnaire.
Conclusions and implications for practice and future research
This study examined service provision and outcomes for all patients receiving STEMI care in a large geographic region. Identified gaps in the uptake of risk-modifying behaviours pre-and post-STEMI and management in hospital, such as use of cardiac catheterization after fibrinolysis treatment and standardized discharge, reveal opportunitites to improve patient outcomes in other ways beyond ensuring timeliness of care alone. Ongoing system measures aimed at minimizing these gaps and ensuring best available treatments given the context under which the patient presents may result in even better health outcomes to patients suffering STEMI.
